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PREFACE

Reports in this volume are numbered consecutively beginning with number 1. Each report is
paginated with the report number followed by consecutive page numbers, e.g., 1-1, 1-2, 1-3; 2-1,

2-2, 2-3.

Due to its length, Volume 12 is bound in two parts, 12A and 12B. Volume 12A contains
#1-22. Volume 12B contains reports #23-36. The Table of Contents for Volume 12 is included in

both parts.

This document is one of a set of 16 volumes describing the 1996 AFOSR Summer Research
Program. The following volumes comprise the set:
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INTRODUCTION

The Summer Research Program (SRP), sponsored by the Air Force Office of Scientific
Research (AFOSR), offers paid opportunities for university faculty, graduate students, and high
school students to conduct research in U.S. Air Force research laboratories nationwide during
the summer.

Introduced by AFOSR in 1978, this innovative program is based on the concept of tcaming
academic researchers with Air Force scientists in the same disciplines using laboratory facilities
and equipment not often available at associates' instifutions.

The Summer Faculty Research Program (SFRP) is open annually to approximately 150 faculty
members with at least two years of teaching and/or research experience in accredited U.S.
colleges, universities, or technical institutions. SFRP associates must be either U.S. citizens or
permanent residents.

The Graduate Student Research Program (GSRP) is open annually to approximately 100
graduate students holding a bachelor's or a master's degree; GSRP associates must be U.S.
citizens enrolled full time at an accredited institution.

The High School Apprentice Program (HSAP) annually selects about 125 high school students
located within a twenty mile commuting distance of participating Air Force laboratories.

AFOSR also offers its research associates an opportunity, under the Summer Research
Extension Program (SREP), to continue their AFOSR-sponsored research at their home
institutions through the award of research grants. In 1994 the maximum amount of each grant
was increased from $20,000 to $25,000, and the number of AFOSR-sponsored grants
decreased from 75 to 60. A separate annual report is compiled on the SREP.

The numbers of projected summer research participants in each of the three categories and
SREP “grants” are usually increased through direct sponsorship by participating laboratories.

AFOSR's SRP has well served its objectives of building critical links between Air Force
research laboratories and the academic community, opening avenues of communications and
forging new research relationships between Air Force and academic technical experts in areas of
pational interest, and strengthening the nation's efforts to sustain careers in science and
engineering. The success of the SRP can be gauged from its growth from inception (see Table
1) and from the favorable responses the 1996 participants expnessed in end-of-tour SRP
evaluations (Appendix B).

AFOSR contracts for administration of the SRP by civilian contractors. The contract was first
awarded to Research & Development Laboratories (RDL) in September 1990.  After
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completion of the 1990 contract, RDL (in 1993) won the recompetition for the basic year and

four 1-year options.

2. PARTICIPATION IN THE SUMMER RESEARCH PROGRAM

The SRP began with faculty associates in 1979; graduate students were added in 1982 and high
school students in 1986. The following table shows the number of associates in the program

each year.
YEAR SRP Participation, by Year TOTAL
SFRP GSRP HSAP

1979 70 70
1980 87 87
1981 87 &7
1982 91 17 108
1983 101 53 154
1984 152 84 236
1985 154 92 246
1986 158 100 42 300
1987 159 101 73 333
1988 153 107 101 361
1989 168 102 103 373
1990 165 121 132 418
1991 170 142 132

1692 185 121 159 464
1993 187 117 136

1994 192 117 133 442
1995 190 115 137 442
1996 188 109 138 435




Beginning in 1993, due to budget cuts, some of the laboratories weren’t able to afford to fund
as many associates as in previous years. Since then, the number of funded positions has
remained fairly constant at a slightly lower level.

3. RECRUITING AND SELECTION

The SRP is conducted on a nationally advertised and competitive-selection basis. The
advertising for faculty and graduate students consisted primarily of the mailing of 8,000 52-
page SRP brochures to chairpersons of departments relevant to AFOSR research and to
administrators of grants in accredited universities, colleges, and technical institutions.
Historically Black Colleges and Universities (HBCUs) and Minority Institutions (MIs) were
included. Brochures also went to all participating USAF laboratories, the previous year's
participants, and numerous individual requesters (over 1000 annually).

RDL placed advertisements in the following publications: Black Issues in Higher Education,
Winds of Change, and IEEE Spectrum. Because no participants list either Physics Today or
Chemical & Engineering News as being their source of learning about the program for the past
several years, advertisements in these magazines were dropped, and the funds were used to
cover increases in brochure printing costs.

High school applicants can participate only in laboratories located no more than 20 miles from
their residence. Tailored brochures on the HSAP were sent to the head counselors of 180 high
schools in the vicinity of participating laboratories, with instructions for publicizing the program
in their schools. High school students selected to serve at Wright Laboratory's Armament
Directorate (Eglin Air Force Base, Florida) serve eleven weeks as opposed to the eight weeks
normally worked by high school students at all other participating laboratories.

Each SFRP or GSRP applicant is given a first, second, and third choice of laboratory. High
school students who have more than one laboratory or directorate near their homes are also
given first, second, and third choices.

Laboratories make their selections and prioritize their pominees. AFOSR then determines the
number to be funded at each laboratory and approves laboratories’ selections.

Subsequently, laboratories use their own funds to sponsor additional candidates. Some sclectees
do not accept the appointment, so alternate candidates are chosen. This multi-step selection
procedure results in some candidates being notified of their acceptance after scheduled
deadlines. The total applicants and participants for 1996 are shown in this table.




1996 Applicants and Participants

PARTICIPANT TOTAL SELECTEES DECLINING

CATEGORY APPLICANTS SELECTEES
SFRP 5 188 39
EBCUMI) (119) @n o)
GSRP 235 109 7
HBCUMD) (18) ) )
HSAP 474 138 8
TOTAL 1281 435 54

4. SITE VISITS

During June and July of 1996, representatives of both AFOSR/NI and RDL visited each
participating laboratory to provide briefings, answer questions, and resolve problems for both
laboratory personnel and participants. The objective was to ensure that the SRP would be as
constructive as possible for all participants. Both SRP participants and RDL representatives
found these visits beneficial. At many of the laboratories, this was the only opportunity for all
participants to meet at one time to share their experiences and exchange ideas.

S. HISTORICALLY BLACK COLLEGES AND UNIVERSITIES AND MINORITY
INSTITUTIONS (HBCU/MIs)

Before 1993, an RDL program representative visited from seven to ten different HBCU/Mis
annually to promote interest in the SRP among the faculty and graduate students. These efforts
were marginally effective, yielding a doubling of HBCI/MI applicants. In an effort to achieve
AFOSR’s goal of 10% of all applicants and selectees being HBCU/MI qualified, the RDL team
decided to try other avenues of approach to increase the number of qualified applicants.

Through the combined efforts of the AFOSR Program Office at Bolling AFB and RDL, two
very active minority groups were found, HACU (Hispanic American Colleges and Universities)
and AISES (American Indian Science and Engineering Society). RDL is in communication
with representatives of each of these organizations on a monthly basis to keep up with the their

activities and special events. Both organizations have w1dely—dlstn’buted magazines/quarterlies
in which RDL placed ads.

Since 1994 the number of both SFRP and GSRP HBCU/MI applicants and participants has

increased ten-fold, from about two dozen SFRP applicants and a half dozen selectees to over

100 applicants and two dozen selectees, and a half-dozen GSRP applicants and two or three

selectees to 18 applicants and 7 or 8 selectees. Since 1993, the SFRP had a two-fold applicant
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increase and a two-fold selectee increase. Since 1993, the GSRP had a three-fold applicant
increase and a three to four-fold increase in selectees.

In addition to RDL's special recruiting efforts, AFOSR attempts each year to obtain additional
funding or use leflover funding from cancellations the past year to fund HBCU/MI associates.

This year, S HBCU/MI SFRPs declined after they were selected (and there was no one
qualified to replace them with). The following table records HBCU/MI participation in this

program.
SRP HBCU/MI Participation, By Year
YEAR SFRP GSRP
Applicants Participants Applicants Participants
1985 76 23 15 11
1986 70 18 20 10
1987 82 32 32 10
1988 53 17 23 14
1989 39 15 13 4
1990 43 14 17 3
1991 42 13 8 5
1992 70 13 9 5
1993 60 13 6 2
1994 90 16 11 6
1995 90 21 20 8
1996 119 27 18 7

6.  SRP FUNDING SOURCES

Funding sources for the 1996 SRP were the AFOSR-provided slots for the basic contract and
laboratory funds. Funding sources by category for the 1996 SRP selected participants are

shown here.




1996 SRP FUNDING CATEGORY SFRP GSRP HSAP
AFOSR Basic Allocation Funds 141 85 123
USAF Laboratory Funds 37 19 15
HBCU/MI By AFOSR 10 5 0
(Using Procured Addn’l Funds)

TOTAL 188 109 138

SFRP - 150 were sclected, but nine canceled too late to be replaced.

GSRP - 90 were selected, but five canceled too late to be replaced (10 allocations for
the ALCs were withheld by AFOSR.)

HSAP - 125 were selected, but two canceled too late to be replaced.

7. COMPENSATION FOR PARTICIPANTS

Compensation for SRP participants, per five-day work week, is shown in this table.

1996 SRP Associate Compensation
PARTICIPANT CATEGORY | 1991 | 1992 | 1993 | 1994 | 1995 | 1996

Faculty Members $690 | $718 | $740 | $740 | $740 | $770

Graduate Student $425 | $442 | $455 | $455 | $455 | $470
(Master's Degree)

Graduate Student $365 | $380 | $391 | $391 | $391 | $400
(Bachelor's Degree)

High School Student $200 | $200 | $200 | $200 | $200 | $200
(First Year)

High School Student $240 | $240 | $240 | $240 | $240 | $240
(Subsequent Years) =~

The program also offered associates whose homes were more than 50 miles from the laboratory
an expense allowance (seven days per week) of $50/day for faculty and $40/day for graduate
students. Transportation to the laboratory at the beginning of their tour and back to their home
destinations at the end was also reimbursed for these participants. Of the combined SFRP and




GSRP associates, 65 % (194 out of 297) claimed travel reimbursements at an average round-
trip cost of $780.

Faculty members were encouraged to visit their laboratories before their summer tour began.
All costs of these orientation visits were reimbursed. Forty-five percent (85 out of 188) of
faculty associates took orientation trips at an average cost of $444. By contrast, in 1993, 58 %
of SFRP associates took orientation visits at an average cost of $685; that was the highest
percentage of associates opting to take an orientation trip since RDL has administered the SRP,
and the highest average cost of an orientation trip. These 1993 numbers are included to show
the fluctuation which can occur in these numbers for planning purposes.

Program participants submitted biweekly vouchers countersigned by their laboratory research
focal point, and RDL issued paychecks so as to arrive in associates' hands two weeks later.

In 1996, RDL implemented direct deposit as a payment option for SFRP and GSRP associates.
There were some growing pains. Of the 128 associates who opted for direct deposit, 17 did not
check to ensure that their financial institutions could support direct deposit (and they couldn’t),
and eight associates never did provide RDL with their banks’ ABA number (direct deposit bank
routing number), so only 103 associates actually participated in the direct deposit program. The
remaining associates received their stipend and expense payments via checks sent in the US
mail.

HSAP program participants were considered actual RDL employees, and their respective state
and federal income tax and Social Security were withheld from their paychecks. By the nature
of their independent research, SFRP and GSRP program participants were considered to be
consultants or independent contractors. As such, SFRP and GSRP associates were responsible
for their own income taxes, Social Security, and insurance.

8. CONTENTS OF THE 1996 REPORT

The complete set of reports for the 1996 SRP includes this program management report
(Volume 1) augmented by fifteen volumes of final research reports by the 1996 associates, as
indicated below:

1996 SRP Final Report Volume Assignments

LABORATORY SFRP GSRP HSAP
Arnmstrong \ 2 7 12
Phillips 3 8 13
Rome 4 9 14
Wright 5A, 5B 10 15
AEDC, ALCs, WHMC 6 11 16




APPENDIX A — PROGRAM STATISTICAL SUMMARY

A. Colleges/Universities Represented

Selected SFRP associates represented 169 different colleges, universities, and
institutions, GSRP associates represented 95 different colleges, universities, and institutions.
B. States Represented

SFRP -Applicants came from 47 states plus Washington D.C. and Puerto Rico.
Selectees represent 44 states plus Puerto Rico.

GSRP - Applicants came from 44 states and Puerto Rico. Selectees represent 32 states.

HSAP - Applicants came from thirteen states. Selectees represent nine states.

Total Number of Participants
SFRP ” 188
GSRP 109
HSAP 138
TOTAL 435
Degrees Represented
SFRP GSRP TOTAL
Doctoral 184 1 185
Master's 4 48 52
Bachelor's 0 60 60
TOTAL 188 109 297
A-1




SFRP Academic Titles
Assistant Professor 79
Associate Professor 59
Professor 42
Instructor 3
Chairman 0
Visiting Professor 1
Visiting Assoc. Prof. 0
Research Associate 4
TOTAL 188
Source of Learning About the SRP
Category Applicants Selectees
Applied/participated in prior years 28% 34%
Colleague familiar with SRP 19% 16%
Brochure mailed to institution 23% 17%
Contact with Air Force laboratory 17% 23%
IEEE Spectrum 2% 1%
BIIHE 1% 1%
Other source 10% 8%
TOTAL 100% 100%




APPENDIX B ~ SRP EVALUATION RESPONSES

1. OVERVIEW

Evaluations were completed and returned to RDL by four groups at the completion of the SRP.
The number of respondents in each group is shown below.

Table B-1. Total SRP Evaluations Received

Evaluation Group Responses
SFRP & GSRPs 275
HSAPs 113
USAF Laboratory Focal Points 84
USAF Laboratory HSAP Mentors 6

All groups indicate unanimous enthusiasm for the SRP experience.

The summarized recommendations for program improvement from both associates and
laboratory personnel are listed below:

A.

Better preparation on the labs’ part prior to associates’ arrival (i.e., office space,
computer assets, clearly defined scope of work).

Faculty Associates suggest higher stipends for SFRP associates.

Both HSAP Air Force laboratory mentors and associates would like the summer
tour extended from the current 8 weeks to either 10 or 11 weeks; the groups
state it takes 4-6 weeks just to get high school students up-to-speed on what’s
going on at laboratory. (Note: this same argument was used to raise the faculty
and graduate student participation time a few years ago.)




2. 1996 USAF LABORATORY FOCAL POINT (LFP) EVALUATION RESPONSES

The summarized results listed below are from the 84 LFP evaluations received.

1. LFP evaluations received and associate preferences:

Table B-2. Air Force LFP Evaluation Responses (By Type)

How Many Associates Would You Prefer To Get ? (% Response)

SFRP GSRP (w/Univ Professor) | GSRP (w/o Univ Professor)

Lab Evals 0 1 2 3+ 0 1 2 3+ 0 1 2 3+
Recv’d

AEDC 0 - - - - - - - - - - - -
WHMC 0 - - - - - - - - - - - -
AL 7 28 28 28 14 54 14 28 ] 86 0 14 0
FJSRL 1 0 100 0 0 100 0 0 0 0 100 0 0
PL 25 40 40 16 4 88 12 0 0 84 12 4 0
RL 5 60 40 0 0 80 10 0 0 100 0 0 0
WL 46 30 43 20 6 78 17 4 0 93 4 2 0
Total 84 2% S0% 13% 5% |180% 11% 6% 0% | 3% 23% 4% 0%

LFP Evaluation Summary. The summarized responses, by laboratory, are listed on the
following page. LFPs were asked to rate the following questions on a scale from 1 (below

average) to 5 (above average).

2. LFPs involved in SRP associate application evaluation process:
a. Time available for evaluation of applications:
b. Adequacy of applications for selection process:

3. Value of orientation trips:

4. Length of research tour:

5 a. Benefits of associate's work to laboratory:

. Benefits of associate's work to Air Force:

6. Enhancement of research qualifications for LFP and staff:

Enhancement of knowledge for LFP and staff:
Enhancement of knowledge for SFRP associate:
¢. Enhancement of knowledge for GSRP associate:
8. Value of Air Force and university links:
9. Potential for future collaboration:
10.  a. Your working relationship with SFRP:
b. Your working relationship with GSRP:
11. Expenditure of your time worthwhile:
(Continued on next page)
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Enhancement of research qualifications for SFRP associate:
Enhancement of research qualifications for GSRP associate:




12. Quality of program literature for associate:

13. a. Quality of RDL's communications with you:

b. Quality of RDL's communications with associates:

14. Overall assessment of SRP:

Table B-3. Laboratory Focal Point Reponses to above questions

AEDC AL FJSRL PL RL  WHMC WL
# Evals Recv'd 0 7 1 14 5 0 46
Question #

2 - 86% 0% 8% 8% - 8 %
2a - 4.3 n/a 3.8 4.0 - 3.6
2b - 4.0 n/a 3.9 4.5 - 4.1
3 - 4.5 n/a 4.3 4.3 - 3.7
4 - 4.1 4.0 4.1 4.2 3.9
Sa - 4.3 5.0 4.3 4.6 - 4.4
5b - 4.5 n/a 4.2 4.6 - 4.3
6a - 4.5 5.0 4.0 4.4 - 4.3
6b - 4.3 n/a 4.1 5.0 - 4.4
6¢c - 3.7 5.0 35 5.0 - 43
Ta - 47 5.0 4.0 4.4 - 4.3
7o - 4.3 n/a 4.2 5.0 - 4.4
3.9 5.0 - 4.3

4.5 4.6 - 4.3

4.4 4.8 - 4.2

4.6 4.6 - 4.6

10b - 4.7 5.0 3.9 5.0 - 4.4
11 - 4.6 5.0 4.4 4.8 - 4.4
12 - 4.0 4.0 4.0 4.2 - 3.8
13a - 3.2 4.0 3.5 3.8 - 3.4
13b - 34 4.0 3.6 4.5 - 3.6
14 - 4.4 5.0 4.4 4.8 - 4.4

|
Tc - 4.0 5.0
8 - 4.6 4.0
9 - 4.9 5.0
10a - 5.0 n/a
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3. 1996 SFRP & GSRP EVALUATION RESPONSES

The summarized results listed below are from the 257 SFRP/GSRP evaluations received.

Associates were asked to rate the following questions on a scale from 1 (below average) to 5
(above average) - by Air Force base results and over-all results of the 1996 evaluations are
listed after the questions.

1. The match between the laboratories research and your field:
2. Your working relationship with your LFP:
3. Enhancement of your academic qualifications:
4. Enhancement of your research qualifications:
5. Lab readiness for you: LFP, task, plan:
6. Lab readiness for you: equipment, supplies, facilities:
7. Lab resources:
8. Lab research and administrative support:
9. Adequacy of brochure and associate handbook:
10. RDL communications with you:
11. Overall payment procedures:
12. Overall assessment of the SRP:
13.  a. Would you apply again?
b. Will you continue this or related research?
14. Was length of your tour satisfactory?
15. Percentage of associates who experienced difficulties in finding housing:
16. Where did you stay during your SRP tour?
a. At Home:
b. With Friend:
c. On Local Economy:

d. Base Quarters:
17. Value of orientation visit:

a. Essential:

b. Convenient:

c. Not Worth Cost:

d. Not Used:

SFRP and GSRP associate’s responses are listed in tabular format on the following page.

B-4




Table B4. 1996 SFRP & GSRP Associate Responses to SRP Evaluation

it ] Brooks | Edwards ] Egin ] Griffis | Haosom ] Kely | Kirtland | Lackland |} Robine § Tyndal § WPAFB } aversge
¥ 6 4s 3 1 31 19 3 2 1 2 10 s 257
res
1148 ] 44 ] 46 147} 44 49 146] 46 5.0 50 | 40 4.7 | 4.6
21501 46 41 49 47 47 150]) 47 5.0 50 | 46 48 | 47
3145 ] 44 40 1461 43 42 143 ] 44 5.0 50 | 45 43 | 44
4143 ] 45 3.8 146 44 44 143 46 5.0 4.0 | 44 45 1 45
5145 1] 43 33 J48) 44 45 J43] 42 5.0 5.0 | 39 44 | 44
6 1431 43 37 147} 44 45 140] 38 5.0 50 | 38 42 | 42
7145) 44 ] 42 1 48] 45 43 1431 41 5.0 50 | 43 43 | 44
8145 ] 46 3.0 149 44 43 143] 45 5.0 50 | 47 45 | 45
9 147 | 45 4.7 | 45] 43 45 1471 43 5.0 50 | 41 45 | 45
10] 42 ] 44 ] 47 |44 41 41 140 42 5.0 45 | 3.6 44 | 43
iy 38 ] 41 45 40} 39 4.1 40] 40 3.0 40 | 37 4.0 | 490
2]571 47 43 |491] 45 49 1471 46 5.0 45 | 4.6 45 | 46

Numbers below are tages

Bal 8 2 8 3] & 75 100 | 81 100 | 100 | 100 86 87
b} 100 § 89 83 1100] %4 98 100] 94 100 | 100 | 100 9 3
“i 8 96 100 1 %} & 80 100 ] 92 100 100 | 70 84 88
51 17 6 0 331 2 76 3 25 0 100 | 20 -] 8 39
l6a § - 26 17 9 | 38 23 3 4 - - - 30
6] 100 | 33 - 40 - 8 - - - - 36 2
lc | - 41 8 0] 6 69 67 96 100 100 | o4 68
16a] - - - - - - - - - - - 0
1mf - 33 100 1 17 § 50 14 67 3 - 50 40 31 35
1] - 21 - 171 10 14 - 24 - 50 20 16 16
17c ] - - - - 10 7 - - - - - 2 3
17d §} 100 | 46 - 66 | 30 69 33 37 100 } - 40 51 | 46




4. 1996 USAF LABORATORY HSAP MENTOR EVALUATION RESPONSES

Not enough evaluations received (5 total) from Mentors to do useful summary.
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5. 1996 HSAP EVALUATION RESPONSES

The summarized results listed below are from the 113 HSAP evaluations received.

HSAP apprentices were asked to rate the following questions on a scale from
1 (below average) to 5 (above average)

Your influence on selection of topic/type of work.

Working relationship with mentor, other lab scientists.
Enhancement of your academic qualifications.

Technically challenging work.

Lab readiness for you: mentor, task, work plan, equipment.
Influence on your career.

Increased interest in math/science.

Lab research & administrative support.

Adequacy of RDL’s Apprentice Handbook and administrative materials.
10 Responsiveness of RDL communications.

11. Overall payment procedures.

12. Overall assessment of SRP value to you.

N B S S

13. Would you apply again next year? Yes (92 %)

14. Will you pursue future studies related to this research? Yes (68 %)

15. Was Tour length satisfactory? Yes (82 %)

Amold __ Brooks ]| Edwards__ Eglin | Griffiss Hanscom | Kirttnd Tyndall | WPAFB _ Totals

# 5 19 7 15 13 2 7 5 40 113

resp .
1 2.8 33 3.4 35 3.4 4.0 3.2 3.6 3.6 3.4
2 4.4 4.6 4.5 4.8 4.6 4.0 44 4.0 4.6 4.6
3 4.0 4.2 4.1 43 4.5 5.0 43 4.6 44 4.4
4 3.6 3.9 4.0 4.5 4.2 5.0 4.6 3.8 4.3 4.2
5 4.4 4.1 3.7 4.5 4.1 3.0 3.9 3.6 3.9 4.0
6 3.2 3.6 3.6 4.1 3.8 5.0 33 3.8 3.6 3.7
7 2.8 4.1 4.0 3.9 3.9 5.0 3.6 4.0 4.0 3.9
8 3.8 4.1 4.0 43 4.0 4.0 4.3 3.8 4.3 4.2
9 4.4 3.6 4.1 4.1 3.5 4.0 3.9 4.0 3.7 3.8
10| 40 3.8 4.1 3.7 4.1 4.0 39 24 3.8 3.8
11 ] 4.2 4.2 3.7 3.9 3.8 3.0 3.7 2.6 3.7 3.8
12 | 4.0 4.5 4.9 4.6 4.6 5.0 4.6 4.2 4.3 4.5

Numbers below are percenta;

13 | 60% 95% | 100% 100%| 8% 100% | 100% 100% | 90% 92%
14 |1 20% 80% 71% 80% | 54% 100% | 71% 80% | 65% 68%
15 | 100% 70% 71% 100% ] 100% 50% 86% 60% | 80% 8%
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RAID: REDUNDANT ARRAY OF
INDEPENDENT/INEXPENSIVE DISKS

David J. Miller
Samuel Clemens High School

Abstract

The input/output (I/O) systems of most computers have nowhere near the speed of the central
processing unit. One solution to this problem is a redundant array of independent/inexpensive disks
(RAID), which can increase the speed of an I/O system by breaking apart requests and letting each disk on
the array handle a part. The original five “levels” (configurations) along with several newer configurations
are detailed. The two basic ways of getting a RAID system, buying one and setting one up yourself, are
explained along with how to choose the best “level”. Finally two projects that the Instructional Systems
Research Branch is working on , XAIDA (Experimental Advanced Instructional Design Associate) and
TEEM (Training Efficiency and Effectiveness Methodology), are described and how a RAID system could
help them is explained.
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RAID: REDUNDANT ARRAY OF
INDEPENDENT/INEXPENSIVE DISKS

David J. Miller

Introduction

Central processing units (CPUs) have made great advancements over the past decade. Even
though input/output (I/O) systems have increased in speed and capacity, their advancements are far
outweighed by the processor advancements. The end result is the so called I/O bottleneck, when processors
operate at less then full capacity or even sit idle while the slower I/O systems read and write data. Little can
be done to improve the speed of /O systems because they depend on fixed disks -- mechanical devices.
Manufacturers just cannot keep making the actuator which moves the read/write head across the surface of

the disk faster.

Another concern is data availability. Many times, computers are the main repositories for critical
data. If the hard disk crashes it could take a long time to retype all the data in and even then some new data
still may be lost. Data integrity is still another concern. Data integrity refers to the ability of a computer to
recover from a failure without corrupting data, while data availability refers to the ability of a computer to
recover from a failure without losing data. One answer to these problems is using RAIDs (redundant arrays

of independent/inexpensive disks) as opposed to SLEDs (single large expensive disks).

What is RAID?

RAID is a category of disk arrays (two or more disks working as one) that improve tolerance
toward disk failure. They provide this increased tolerance in a variety of different methods. Each method is
assigned a different “level”. The term RAID first appeared in 1987 in papers written by Professors
Patterson, Gibson, and Katz of the University of California at Berkeley. At that time RAID meant
redundant array of inexpensive disks and was designed to be a way to get a large amount of memory out of a
small cost. In the years after that RAIDs began losing their edge in cost over SLEDs and began to be used
more for their high performance and data availability (Invincible Technologies Corporation, 1996). That
was when RAID began to mean redundant array of independent disks. In August 1992, the RAID advisory
board (RAB) was founded. It was founded with the goal of promoting the understanding and utilization of
RAID and related storage technologies (RAID Advisory Board, 1996). It accomplishes this through a
variety of different methods including providing publications, holding conferences, and staging RAID
technology centers at trade shows and conferences. RAB’s membership has grown from 8 to over 50 since
its founding (RAID advisory board, 1996). Its members include RAID suppliers, computer suppliers,

manufacturers, companies, research firms, and universities.
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What are the RAID levels?
In the original Berkeley papers, five RAID levels were defined (levels 1 through 5). The use of
levels is misleading, because higher levels are not necessarily any better. They just perform their function

in a different way. These are the five RAID levels:

RAID 1 is also known as mirroring or shadowing. All data is written to two separate drives giving
the array complete redundancy and therefore high data availability. If one disk crashes, the other
still retains the data that may be written back onto the failed disk or a substitute one. This setup
can also read quicker, because if both disks begin looking for the data, one will probably find it
before a single disk alone would. Two reads may also be done simultaneously. The drawback to
this setup is that it requires double the physical storage required since half will be used as backup.
Which means it is twice as expensive. Also, this array takes slightly longer to write since it must
perform two writes, though it does not take a lot longer, since the writes are still done in parallel
(Wong, 1995). ‘

RAID 2 disk stripes at the bit level and uses parity information. Disk striping at the bit level
means that the first disk holds the first bit of every-byte, the second disk holds the second bit of
every byte, etc. The last few disks hold the error correction code (the parity information). It takes
advantage of Hamming codes, error correcting codes developed by R. W. Hamming in 1950
(Ferelli, 1994). Hamming error correction codes add three check bits to each group of four data
bits. The check bits can then be used to correct one-bit errors automatically. Because all SCSI
drives support built-in error detection (Trillium Research, Inc., 1994), RAID 2 is obsolete when
using SCSI drives. Multiple check disks are required to figure out which disk failed and needs
correcting, but only one is required to do the actual correcting (Chen, Lee, Gibson, Katz, &
Patterson, 1993). Since disk controllers can now easily identify the failed disk, RAID 2 is no
longer used very often. Unlike RAID 1, RAID 2 uses less then half of the disks as check disks,
which reduces the percentage of the cost of the array that is being used to pay for check disks.
RAID 2 can only handle one I/O transaction at a time, since every disk is involved in every
transaction. This allows RAID 2 to handle very large data record sizes efficiently and for this

reason it is mostly utilized in supercomputer environments.

RAID 3 disk stripes at the byte level and uses one disk per set for parity information. This type of
striping writes the whole first byte on the first disk, the second byte on the second disk, and so on
until it writes a byte on the second to last disk of the set. It then starts over at the first disk. The
last disk is used for parity information. The parity information is based on the odd parity principle
(Nixon, 1996) and can rebuild the data lost if one disk fails. If a second disk fails before the data
from the second disk is rebuilt, data is lost. In odd parity, another bit is calculated from a group of
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bits (one from each disk). If there is an even number of bits assigned a value of one in the group,
the parity bit is assigned a value of one. If there is an odd number of bits assigned a value of one
in the group, the parity bit is assigned a value of zero. In this way, there will always be an odd
number of ones in the group (if the parity bit is included). Therefore an error can be detected (if an
even number of ones is counted) and when the disk that failed is identified, the error can be
corrected or the data rebuilt (by calculating what value for the bit will give an odd number of ones
for the group). Unlike RAID 1 and 2, RAID 3 only uses one disk for redundancy, therefore as the
user adds more disks to the array, the percentage of money spent on redundancy will go down.
This means a smaller percentage of the total cost of the array is used for redundancy in a RAID 3
setup than in either a RAID 1 or 2 setup. Also since data is striped at the byte level, all disks are
involved in every read or write operation and only one I/O operation can be done at a time. This
makes RAID 3 less effective in dealing with small numerous I/O transactions (such as databases),
but very effective in dealing with a single large file (such as a multimedia file). RAID 3 is also

slower on writes, because the parity must be recalculated.

RAID 4 disk stripes at the block level and uses one disk per set for parity information. Block
striping allows the user to decide the size of the stripe. The size of the stripe is usually large
enough to fit one whole file on a single disk. This allows small numerous reads to be processed
simultaneously by reading each file from a different disk. The maximum number of files that can
be read simultaneously is equal to the number of disks in the array. The downside is that every
write must go through the parity disk. This creates a bottleneck and allows only one write at a
time. RAID 4 is seldom implemented because of this bottleneck. If the same amount of disks is
used, RAID 4 uses as small a percentage of the total cost for parity information as does RAID 3.

RAID 5 disk stripes at the block level and also stripes parity information. The main difference
between RAID 4 and RAID 5 is that there is no dedicated parity disk in RAID 5. Instead each disk
is separated into data and parity sections and parity is striped along with data. The parity
information for one disk’s information is divided between every other disk. This removes the
bottleneck associated with multiple writes in RAID 4. RAID 5 can process multiple I/O
transactions (both reads and writes), if the stripe size is set high enough. This makes RAID 5
much more effective in dealing with small numerous I/O transactions (such as databases) then
either RAID 3 or 4 are. RAID 5 does not perform short writes very well, because, as in RAID 3
and 4, RAID 5 must perform four /O transactions: read old parity and data, calculate new parity,
and write new parity and data (Invincible Technologies Corporation, 1996). RAID 5 does have the
best small read, large read, and large write performance of any of these five RAID setups, but
because of the numerous /O transactions required for writes, it cannot perform smé.ll writes better
than RAID 1, which does not perform so many I/Os per write (Chen, Lee, Gibson, Katz, &
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Patterson, 1993). RAID 5 can still perform large writes better, though, because when it begins to
write it can divide the large write into small portions, which is something RAID 1 cannot. To
compensate for the poor small write performance of RAID 5 arrays, many array vendors and users
use write caching. A cache is a dedicated bank of high-speed memory where the data that is to be
written can be written and later during idle machine cycles the data can be written to the array from
the cache (Glossary of Computer Terms, 1996). There is a problem in using caches with arrays,
though. If an error occurs in the cache, it will not be noticed by the array, which in turn threatens
data integrity. Like RAID 3 and 4, RAID 5 can tolerate one disk crashing. RAID 5 uses as small a
percentage of the total cost for redundancy as RAID 3 and 4 do.

The most commonly implemented levels of the original RAID levels are 1, 3, and 5. RAID 2 and
4 are hardly ever heard of anymore. RAID 1 is the easiest to setup and is commonly used when data
availability and integrity are deemed as more important than the extra cost and lower performance
associated with RAID 1. RAID 3 is commonly used when large single files, such as multimedia files, are
the priority. RAID 5 is used when files such as databases, which need numerous small /O transactions
processed, are being used. It is now also common to see arrays that have the ability to switch between the
different levels and even arrays that are partitioned so that part of it functions as one level and another part

functions as another level.

Additional RAID levels have appeared since the original Berkeley papers were written. One,
RAID 0, was described but not named in the papers. RAID O is really not RAID though, since it uses only
disk striping and incorporates no redundancy (neither mirroring nor parity). This gives RAID 0 fast /O
transaction rates, but if even one disk goes bad all data on the whole array is made useless. The chance of a
disk going bad increases as more disks are put on the array. Because of its inability to keep data safe for
long periods of time, RAID 0 is normally only used when speed and performance are top priorities and data
is only kept on the array for a few days or less. RAID 6 disk stripes at the block level and has two different
sets of distributed parity instead of one. This makes it more resilient to disk failures than the other RAID
levels. It can have up to two disks fail before data is lost. RAID 35 (or 53) is a combination of levels 3 and
5 (Baydel Ltd., 1996) and RAID 10 (or 0+1) is a combination of levels 1 and 0 (combining mirroring with
striping). Levels 1 and 0 are combined by setting up two RAID 0 arrays and storing the same data on both
(or in other words, mirroring one RAID 0 array with another). This combines the high performance of
RAID 0 with the high data availability of RAID 1. It is just as expensive as RAID 1 though, because the
array still needs twice the physical storage required by the user. RAID 10 can handle the failure of up to
half of its disks (one side of the mirror) before losing data. Most of the other new levels are usually very

much like existing levels and are invented just to trick consumers.
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How does_one acquire a RAID system?
There are two basic ways to acquire a RAID system: the user can either buy a ready-made RAID

system or set one up himself or herself. Most people prefer to purchase a ready-made system. All the
drives, adapter cards, and cables usually come in one enclosure. The easjest RAID levels for the user to
assemble are RAID 0 (striping), RAID 1 (mirroring), and RAID 10(striping and mirroring), because they

are the simplest in concept and design.

Whether the user is buying or assembling a RAID system, it is still important to decide which
RAID level to use. All of the RAID levels have different degrees of cost, data availability and integrity, and
performance. It is important to for the user to consider his or her own needs and decide which level is the
best suited for toward those needs. If performance and cost are the only qualities that matter, RAID 0
would probably be the best choice. If data availability and integrity are the only qualities that matter,
RAID 1 would probably be considered best. If the user needs a balanced mix of all of these qualities, then
it would be best to venture into the higher levels (such as levels 10, 3, 5, and 6). Then it would come down

to what types of files would the array be mostly working with and which level works best with those files.

If the user is going to buy a RAID system then there are still other options and choices. A user
who is going to buy a RAID system can also buy an array that can run multiple levels of RAID, although
this user still needs to decide which level the array should run. This user could also choose to buy an array
that is separated into parts with each part using a different level. A certain part can be used to store files
that require the qualities of the level it is running at. A user who has decided to buy an array should also
look for a flexible array, one that can support multiple levels and be expanded and upgraded easily, in case

his or her needs change.

The price for preconfigured RAID systems has fallen drastically over the past couple years. In
1992, one could buy a 4GB RAID system for about $25,600 (about $6.40 per MB) (Sullivan, 1996). In
1995, a 24GB RAID system could be bought for about $17,300 (about $0.72 per MB) (Sullivan, 1996), and
the price continues to fall to this day. Right now, in 1996, 8GB arrays can be bought for anywhere from
$6000 to $3000 (about $0.75 per MB to about $0.37 per MB) (Sauer, 1996). As the price falls, people at
the entry level of the computer market, the most price-sensitive, are beginning to buy RAID systems. There
are literally dozens of companies that sell RAID systems. The uéer must look around in order to find the

one that offers the best price and the type of array needed.

As said before, the simplest levels to implement are levels 1 and 0, because of their simplicity.
Though the user saves money by not buying it preconfigured, between $200 and $400 worth of software
and cards, not to mention the actual disks that will be tied together to create the array, still need to be

bought. One way to implement RAID in software is to plug in a controller card and another way is to hook
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up an external unit that appears to the computef as a SCSI device (Weiss, 1996). Some software can even
be used to setup RAID 4 or 5. As said before though, most people prefer to buy a RAID system
preconfigured.

What can RAID accomplish for AL/HRTD?
There are at least two projects that the Instructional Systems Research Branch (AL/HRTD) is

working on which RAID could help with. The first is XAIDA (Experimental Advanced Instructional
Design Associate), an ambitious exploratory research and development effort aimed at enabling relatively
inexperienced instructional designers to plan and implement sophisticated interactive courseware (Smith,
1995). XAIDA uses transaction shells, reusable and programmable instructional strategy frameworks which
contain instructional design expertise for selected learning objectives (Smith, 1995). Transaction shells are
derived from transaction shell technology, which was developed by Dr. M. David Merrill and colleagues at
Utah State University (Spector, Arnold, & Wilson, in press). Currently, XAIDA contains four transaction
shells and supports the use of multimedia. The XAIDA templates store files in a database, allowing the
program to “build” a lesson from separate files on-the-fly, as opposed to creating a single, large executable
file. XAIDA currently runs on 486 PCs using the Windows 3.1 Operating System and uses standard
Windows multimedia file format: bitmaps (.bmp) for graphics, wave (.wav) for audio, and (.avi) for
animation or digital video. Since these separate multimedia files, which can range in size up to 12 MB
each (e.g. in the case of digital video), are never actually combined into a single large file, it might be best
to implement RAID 5, which works better with numerous small files, as opposed to RAID 3, which works
better with single large files. RAID 35 (or 53), which, as you may recall, combines RAID 3 with RAID 5,
might also work well with this type of program, because, although there are many numerous files to be

worked with, these files are still rather large and only a few will be focused on at a time.

The second is TEEM (Training Efficiency and Effectiveness Methodology), a computerized, task-
based training evaluation methodology that integrates training efficiency and effectiveness data to facilitate
course revisions and improve training quality (Zukor, 1995). It consists of two distinct components: the
Data Entry Component and the Presentation Component. For the Data Entry Component, TEEM uses large
databases in order to hold the massive amount of data received from Occupational Survey Reports (OSRs),
Course Plan of instruction (POI)/Training time (TT) information, effectiveness data, and transfer data
(Instructional Systems Research Branch, 1996). The Presentation Component processes the information in
the database and creates graphs and charts showing the results in easy to understand context. Because of
RAID 5’s ability to process many I/O transactions simultaneously without slowing down, it is ideally suited
for working with large databases and programs (such as TEEM) which include large databases.

Because of their size, the amount of time it takes to write them, and their importance, both XAIDA
and TEEM require high data integrity and availability. Both RAID 3 and 5 offer a fairly high amount of
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data availability, in that they can withstand the failure of one disk. If this failed disk is replaced and the
data is rebuilt before a second disk can fail, no data will be lost. It is the same for data integrity. Both
RAIDs can withstand the corruption of one disk, but not another before the first disk’s set of data is
recalculated. If an even higher degree of data availability and integrity is required, RAID 1 or 10 can, at the

cost of an increased price and the loss of some performance, be implemented.

Conclusions

In this paper I have discussed the benefits of RAID technology, such as data availability and
integrity and performance. Ihave outlined the capabilities of each of the basic levels of RAID (1-5), and
identified how they can best be applied to suit the particular application. Ihave also described the more
recently invented levels of RAID. Current programs that the Instructional Systems Research Branch is
working with, XAIDA and TEEM, can take advantage of this technology and be greatly helped by the its
benefits.
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INSTRUCTION IN SCIENTIFIC
INQUIRY SKILLS (ISIS)

Jennifer M. Patterson
John Marshall High School
Abstract
The Instruction in Scientific Inquiry Skills tutor (ISIS) is a computer program designed to
teach students skills in scientific inquiry. During the 1995-96 school year, students used ISIS in
conjunction with their standard science courses. Before and after the use of ISIS, tests were given to the
students to measure their knowledge about science and the scientific inquiry skills. A correlation was

found in comparing the scores of the ISIS users to those of the students that did not use ISIS. The users

of ISIS outperformed the control students on 8 of the 9 skills.
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INSTRUCTION IN SCIENTIFIC

INQUIRY SKILLS (ISIS)

Jennifer M. Patterson
Introduction
The purpose of the FST intelligent tutors are to better the critical literacy skills in American students
and workers. The goals of the USAF’s Fundamental Skills Training (FST) project are to design,
research, and transfer the intelligent tutoring systems (ITSs) to public schools, and, where appropriate
to industry under federal technology transfer guidelines. FST currently has three of these tutors in the
development and testing stages. The first tutor, the Word Problem Solving tutor (WPS), teaches
students to analyze and solve mathematical word problems. MAESTRO: The Writing Process tutor, the
second FST tutor, guides students through the many steps of constructing and writing a well-developed
paper. The Instruction in Scientific Inquiry Skills tutor (ISIS) is the third of FST’s tutors and is a
simulation based intelligent tutoring system. The primary purpose of this tutor is to teach high school
students scientific inquiry skills in the context of ecology and biology. ISIS teaches problem solving
techniques, such as how to produce a question, generate a hypothesis, design an experiment, conduct the
experiment, draw a conclusion based on the experiment, and to accept or reject their initial hypothesis.
This tutor also teaches many ecological concepts and their relationships. ISIS is currently being
implemented across the nation in 15 schools in New York, Pennsylvania, New Mexico, Ohio, and

Texas.
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Methodology

-Interface

ISIS is set up in a Medieval castle that is equipped with objects for the student’s use and people to assist
them. At any time during the tutor, the student can go to the library and use the “books” for researching
their topic and the glossary to look up unknown words. They may also look at the map that is above
their “desk” and view the different biomes. The student’s desk also includes their “notebook,” in which
they can record information about what they have read and what they have learned from their
experiments. Their desk has other useful tools, which will be mentioned later, that they will need to use
during their experimentation. The student can check on the current status of their expertment by looking
in their “toolbox.” Their toolbox also holds the equipment they have chosen for their experiment. The
student can also find assistance from Igor, their lab assistant, who helps the student through Scientific
Inquiry and gives them feedback. Also, they can ask the wizard for advice and he will respond
depending on the student’s level of proficiency. The student receives points for doing tasks well, and
can use these at the treasure chest, to “buy back™ biomes that the Grim Reaper has stolen from the
Earth. Each biome is divided into 25 squares and each square costs 50,000 points.

-Tour of the Biomes |

The student “visits” the biomes by selecting a region on the world map. They view photographs of the
flora and fauna that exist in the 9 biomes featured: Polar, Coniferous Forests, Marine, Grasslands,
Freshwater, Rainforests, Deserts, Deciduous Forests, and Tundra. The Grim Reaper shows how the
biomes of the world are being destroyed, and a wizard encourages the students to save the planet
through their knowledge.

-Skill Instructional Modules (SIMs)

The student studies new skills through “books” in the library. They are taught how to generate

questions and hypotheses through visuals, graphs, and text. Then the student learns how to design and
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conduct practical and useful experiments. The student also receives instructions on how to reach a
conclusion from their experiment and to accept or reject their hypothesis .‘ They eamn up to 1,100,000
points for completing the SIM’s.

-Domain Instructional Modules (DIMs)

The student is also able to read “chapters™ about the specific biomes, abiotic factors of plant growth,
biotic factors in an ecosystem, effects of human activities in nature, and ecology principles. These
chapters include hotwords that _they may select and “look up” in the glossary. Included in these chapters
are pictures and diagrams which help to fully explain the information they have read. At the end of each
page, the student is required to answer a question and they may earn a maximum of 1,000 points for
each correct answer.

-Scientific Inquiry Tasks

The student first selects a question by choosing a “magic” mirror and using a concept map of the
selected topic. Now they must generate a hypothesis with the crystal ball. If a hypothesis is generated
properly, the student may earn 20,000 points. They choose the independent and dependent variable, and
the units that address their hypothesis. The student now designs the experiment by going to the
equipment room and choosing the proper equipment and putting it into their toolbox. Then they use the
design experiment panel to setup the experiment by changing the values of their independent variable.
The student may be awarded up to 35,000 points for correctly setting up an experiment. They go to the
terrarium and run the experiment in a simulated biome and observe the changes in the biome and graph
the results. For this, they may receive 50,000 points. The student generates a conclusion in almost the
same manner in which they generated their hypothesis. Then they must accept or reject their hypothesis,
depending on the conclusion they have just made. Doing this correctly can earn the student 65,000
points. Afterwards the student is prompted with a questioh related to the experiment they just
conducted. They are to answer by “writing” their response in their notebook.
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-Instructional Approach

ISIS teaches students the Scientific Inquiry Skills through a cognitive apprenticeship approach. The
student is first given models of the skills in the SIMs. The modeling is demonstrated by an “expert”
performing the skills fchat‘ the student will soon need to use. Then the student is given coaching while
using these new skills. ISIS can diagnose the smdem.’s problems and assist them where it is needed.
Another element of this approach is structuring and Jading. In the beginning, ISIS structures when a
student will learn and use their skills. After the student achieves a high proficiency level, ISIS fades out
and allows the student to choose when to use and review their skills. The final component is the
student’s reflection of their performances and their learnings from the experience. This helps the

student to develop a better understanding of their scientific inquiry skills and basic knowledge of

ecological concepts.

Results

At the 15 testing sites, 26 teachers in 83 sections of science were taught how to use ISIS.
Approximately 2,000 students used ISIS from September of 1995, to May of 1996. Each student used
the tutor for about 18 to 20 hours throughout the course of the school year. The students that used ISIS
outperformed the control students on 8 of the 9 skill and knowledge subscales. The ISIS users gained

about 8% from the pretest to the posttest, while the control group gained only about 3%.

Conclusion
The students that used the Instruction in Scientific Inquiry Skills tutor did in fact improve more than the
control students. Their improvement throughout the year shows that ISIS works well with the

traditional school curriculum, proving that ISIS is a beneficial learning tool.
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FUEL IDENTIFICATION BASED ON NAPHTHALENE
AND BENZENE DERIVATIVES

Amanda Perrie
A. Crawford Mosley High School

Abstract
This study examined the gas chromatographic/mass spectral results of fuel samples to determine if fuels
could be classified, even after weathering, according to peaks that corresponded to a series of naphthalene and
benzene derivatives. The GC/MS results were used to train the computer using a 3-layer back-propagation neural
network that would classify the fuel samples. After experimentation, the results showed that the naphthalene and
benzene derivatives, excluding 1-ethylnaphthalene, were too volatile to withstand the weathering process. The mass

of the compounds decreased to the point where the trained neural network could not identify with repeated accuracy

the fuel classifications.
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FUEL IDENTIFICATION BASED ON NAPHTHALENE
AND BENZENE DERIVATIVES

Amanda Perrie
Introduction

Jet fuels are a necessary and significant part of the workings of the Air Force. Although jet fuels are used
in numerous applications and have a number of benefits, there are also dangers present that might result from a spill.
These include health risks, environmental pollution, and the risk of flammability. With a spill, legal problems also
arise, including the questions of who will be responsible for the clean-up costs, legal fees, and fines. These legal
questions have prompted the Air Force to formulate an objective and robust method for classifying fuels.

In the past, when a spill has been detected, the collected sample has been run through the GC/MS and the
results were compared to the profiles of the different classifications of fuels to determine its type. This comparison
was done visually and was thus a subjective determination. With this method, there also arose problems when the
fuels were weathered due to the decrease in different components of the fuels.

A more objective method that could be used to classify fuel types is one that uses pattern recognition and
neural networks to train a computer to decide a fuel type. Patterns could be developed that avoid the overall
changes in the GC results due to contamination, analytical errors, and weathering of the fuel samples. Various
pattern recognition methods have been proposed and tested for the classification of jet fuels®’. Artificial neural
networks are a promising new pattern recognition technique which has been successfully applied to the
classification of jet fuel proﬁles"g.

Artificial neural networks (ANNs) are computer simulations of biological nervous systemsm. A schematic
representation of an ANN is displayed in Figure 1. In general terms, numerical information enters a network
through a layer of input neurons or nodes and exits through a layer of output nodes. Information passes from the
input to the output layer through a hidden layer (or layers). As information is passed through the layers, numerical
weights, biases and transfer functions are applied that adjust the connection between the nodes. Wythoff has written
a tutorial on back-propagation neural networks’’. |

A recent review of pattern recognition techniques by Brown, et al ' noted “The most novel research in
pattern recognition involved work with artificial neural networks.” There are at least three steps in the application

of neural networks to classification problems such as this one: training, architecture optimization, and validation.

25-3




Training is the automated process of adjusting the weights and biases in the network so that the output patterns
generated by the network match those in the training data set. This process is interconnected with architecture
optimization, which is the process of determining the number of input, hidden and output nodes required in the
ANN to yield the most accurate classification results. Training and architecture optimization continue until an
architecture is found that properly classifies the samples in the training set and has a minimum size. Validation is
the process of showing that the trained network correctly classifies patterns not used in the training process.
" The choice of chemical compounds to use in forming the data patterns for ANN analysis is of considerable

importance. Jet fuels contain hundreds of chemical components, and typical capillary gas chromatographic
separations of these fuels yield between 150 and 250 peaks which represent single compounds or small groups of

highly similar compounds which cannot be separated”’”

. Peak area measurements can be obtained from peaks
occurring throughout a fuel’s chromatogram and used to form a pattern for pattern recognition analysis. However,
it may be more efficient to concentrate efforts on a restricted set of compounds which can be separated and
quantified by gas chromatography or gas chromatography/mass spectrometry. Mayfield and Henley have
performéd classification experiments on jet fuels and arrived at a set of benzene derivatives as potential “marker”
compounds for use in classifying jet fuels. These compounds were: benzene, isopropylbenzene, 1,2-
diethylbenzene, 1,2,3,4-tetramethylbenzene, 1,2,3,4-tetrahydronaphthalene, and l-methylnaphthaleneg.

Spilled fuels undergo chemical changes after entering the environment, and these changes are collectively '
called “weathering”. The most rapid weathering process is usually evaporation, which results in the loss of
components from a fuel spill in order of volatility, with the most volatile components being lost or reduced in
concentration before the less volatile components. Other weathering mechanisms include oxidation, dissolution of
water-soluble components, and microbial degradation. Douglas, et al. studied the identification of weathered crude
oils and heavy refined oils and concluded that polynuclear aromatic hydrocarbons (PAHs) and their alkylated
derivatives were promising marker compounds for the identification of such heavy oils. Further, because some
PAH compounds have been found to be more biodegradable than their alkyl-derivatives, the alkyl-PAH compounds
were recommended as fuel identification markers.>*” Applying Douglas’ advice to jet fuels requires knowledge of
what PAHs are present in jet fuels. Of the various PAH compounds found in heavier fuels, jet fuels contain easily

detectable concentrations only of naphthalene and some naphthalene derivatives i3
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The goal of this study was to form a pattern based on the naphthalene and benzene derivatives found in the
GC results. This pattern could then be used in a 3-layer back-propagation neural network to classify weathered and

un-weathered fuels according to their types.

Methodology

The method used to determine the composition and the concentration of compounds in the fuel samples
was gas chromatography/ mass spectrometry (GC/MS). Gas chromatography, defined by H.M. McNair and E.J.
Bonelli in Basic Gas Chromatography, is the separation and distribution of a sample in two phases, (1) a stationary
bed of large surface area and (2) a gas which flows through the stationary bed. Volatile substances are separated as
the gas stream moves over the stationary phase. Gas chromatography is frequently used in experiments to
determine the fuel’s componentsz #67  This experiment used a form of gas chromatography known as capillary gas-
liquid chromatography (GLC). In GLC, the stationary phase is a thin liquid film spread over a solid support or on
the walls of the separating column. In the capillary form of GLC, the column is fashioned from a length of capillary
tubing, and the liquid stationary phase is coated on the walls of the column . The partitioning of the sample in and
out of this liquid film was the basis for separation.

ata Collection Conditj

The samples were analyzed by gas chromatography/mass spectrometry, utilizing an instrument calibration
method designed to provide accurate quantitative measurements of the sample concentrations of the selected
benzene and naphthalene derivatives. Before injection, the samples were diluted with methylene chloride and 4
spiked with two internal standards: d,-ethylbenzene and d,;-anthracene. Quantitation was based on the d,q-
anthracene, and the d,q-ethylbenzene provided a quality control measurement, being used along with the d;¢-
anthracene to quickly reveal analysis runs which had failed due to instrumental accident or artifact.

The samples were analyzed using a benchtop gas chromatograph/mass selective detector system (HP-5890
GC and HP-5970 MSD). The gas chromatograph and mass selective detector were interfaced by a direct capillary
inlet. The gas chromatograph was equipped with a split/splitless injection port for use with capillary columns and

was modified to an HP-5890 series II configuration, with electronic pressure control. A personal computer (HP
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Vectra 486/66mhz) running HP DOS/Windows MS-Chemstation Software was used for system control and data
acquisition. Injections of prepared samples were made with a HP-7673A autosampler.

Gas chromatographic separations were made using a fused silica capillary column, 20m long, with an
internal diameter of 0.1mm, and coated with 0.4mm of bonded and crosslinked polymethylsiloxane with 5%-phenyl
substitution (DB-5, J&W Scientific, Inc.). Helium carrier gas was supplied with a constant head pressure of 45 psig.
The temperature program conditions are listed in Table 1. The capillary column was plumbed directly to the ion
source of the mass selective detector using a direct capillary interface. Injections were made with the autosampler,
and with the injection port operated in the split mode.

The mass selective detector was a quadrupole mass spectrometer with an electron impact ion source. The
MSD was scanned from 35 amu to 500 amu using mass spectral conditions summarized in Table 2. Selected
analytes were quantified using the EnviroQuant target analyte software provided by the Chemstation computer, and

using target ions and retention times established for the selected analytes by the analysis of standard mixtures.

Table 1. Gas Chromatography Conditions

Initial Oven Hold: 4 min.
Oven Program Rate: {15°C/min.
Final Oven Temp.: |270°C
Final Oven Hold: 5 min.
Injection Port Temp.: (300°C
MS Interface Temp.: [225°C

Carrier Gas: He

Head Pressure: 45 psig
Injection Volume: 1l

Split Port Flow: 60 mU/min.
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Table 2. Mass Spectrometry Conditions

Solvent Delay: 4 min.

Electron Multiplier: 1800 volts

lonization Method Electron Impact
lonization Voltage: 70 volts

Low Mass: 35 amu

High Mass: 500 amu

A/D Duplicate Samples: |4 samples/axis point
Scanning Rate: 1.3 scans/sec.

105 fuel samples representing a variety of fuels including JP-4, JP-5, JP-7, JP-8, JPTS, Avgas, and Jet A
were collected from Wright Patterson AFB Energy Management Laboratory, Mukilteo WA Energy Management

Laboratory, MacDill AFB, and Wright Patterson Aerospace Fuel Laboratory. (See Table 3)

Table 3. Jet Fuel Training Set

Number of  Fuel-Type

Samples

20 JP-4 (fuel used by USAF fighters)

13 JP-5 (fuel used by navy jets)

8 JP-7 (Fuel used by the USAF SR-71 reconnaissance plane)
20 JP-8 (fuel used by USAF fighters)

11 JPTS (fuel used by the USAF TR-1 and U-2 aircraft)

20 Jet A (fuel used by civilian airliners)

13 AVGAS (100/130 octane aviation gas)
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A sample was made from each fuel and then run through the GC/MS. The sample consisted of 100 pL of
the fuel, 100 pL of the Internal Standard Solution, and 800 pL of methylene chloride. The Internal Standard
Solution consisted of 25 mg d,s-anthracene and 25 pL d,,-ethylbenzene made to a volume of 25 mL with methylene
chloride. The GC results were then quantitated twice. Once with a set of two standards of naphthalene derivatives
(compositions found in tables 4. and5.) and once with a standard of naphthalene and benzene derivatives combined

(composition found in table 6).
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Table 4. Standard 1: PAH in Fuel Standard Preparations

Solvent: Methylene Chloride
Volume (mL): 25
Compound Mass (ug)

naphthalene 50
1-methylnaphthalene 50
2-methyinaphthalene 50
1,2-dimethylnaphthalene 50
1,3-dimethylnaphthalene 50
1,4-dimethylnaphthalene 50
1,5-dimethylnaphthalene 50
1,8-dimethylnaphthalene 50
2,3-dimethylnaphthalene 50
2,6-dimethylnaphthalene 50
1-ethylnaphthalene 50
2-ethylnaphthalene 50
1,4,6,7-tetramethylnaphthalene 50

E
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Table 5. Standard 2: PAH Single Component Compounds

Solvent: Methylene Chloride
Volume (mL): 25.00

Compounds Volume (uL)
Naphthalene

1,4-Dimethylnaphthalene  50.0

2,3-Dimethylnaphthalene

Density (g/mL)
1.0166

25-9

Mass (mg)
49.9043
50.83

49.9716

Concentration (mg/mL)
1.996
2.033

1.999




Table 6. Benzene and Naphthalene Standard

Solvent: Methylene Chloride

Volume (mL) 25.00

Compound Volume Density Weight Conc.

(uL) (g/mL) (mg) (mg/mlL)

benzene 100 0.87865 87.87 3.51
Isopropylbenzene 100 0.8618 86.18 345
1,2-diethylbenzene 100 0.88 88.00 3.52
1,2,3,4-tetrahydronaphthalene 100 0.9702 97.02 3.88
1-methylnaphthalene 100 1.0202 102.02 4.08
1-ethylnaphthalene 100 1.00816 100.82 4.03
1,2,3,4-tetramethlybenzene 100 0.9052 90.52 3.62
2,6-dimethylnaphthalene 50.00 2.00
2,3-dimethylnaphthalene 50.02 2.00

Once the fuels were quantitated using these three standards, the data was fed as a pattern into a fuel
identification program to use as a training set. This set of fuels was broken down into four training sets with four
prediction sets and tested.

The next step was to set up a series of fuels to be weathered and then run through the GC to later be used as
a prediction set in the neural network. Twenty-six vials (two for each fuel sample) were set up underneath the hood
to allow the weathering process to occur. The first vial was used to track the mass of the fuel, while the second vial

was used to extract samples to be run in the GC. The 13 fuels used can be found in Table 7.

Table 7. Fuel Samples in Weathering Experiment

Sample Number Fuel Type Sample Information
1 P-4 Fuel B+1 #1
2 JpP-8 Sample #89-70
3 JP-5 HF012 MacDill
4 Jet A 448 HF152
5 JPTS #10 HF057
6 Jp-4 Tyndall 15 July 1993
7 JP-8 94-F-2030
8 Jet A HF163
9 P4 HF115
10 JP-8 94-F-2317
11 JetA 87-F-468 HF154
12 JPTS 94-S-2013
13 . JPTS 94-S-2013
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Each day a sample was made for each fuel from vial number 2. The sample consisted of 100 pL of the
fuel, 100 pL of the Internal Standard Solution (the same as above), and 800 pL of methylene chloride. The mass

loss was monitored daily by recording the weight of vial number 1 for each sample.

The gas chromatographic conditions used yielded jet fuel separations in less than
25 minutes. The naphthalene compounds studied initially could be separated into 12 peaks, one
of which represented two co-eluting compounds, 1,4-dimethylnaphthalene and 2,3-
dimethylnaphthalene. The total ion chromatogram of a typical JP-4 sample is shown in Figure 1.
Most of the naphthalene derivatives co-eluted with saturated hydrocarbons from the fuel, due to
the chemical complexity of the fuel. However, it was possible to isolate the responses from the
naphthalene derivatives by using selected ion profiling. The naphthalene derivatives calibrated
by Standard 1 could be quantified using the retention times and quantitation-ions listed in
Table 9. A total of 102 chromatograms were obtained from the stock of preserved fuel samples.
The entire collection could be used to train ANNs and other pattern recognition classification
systems, or a portion of the data could be used for training, with part of the data split off as
simulated unknowns in an evaluation set. No ANN composed of data from the entire data set of

naphthalene derivatives proved capable of classifying the data set without error.
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Table 8. Naphthalene Derivative Results

Compound

d10-anthracene (internal standard)
1,2,3,4-tetrahydronaphthalene
naphthalene
2-methylnaphthalene
1-methylnaphthalene
2-ethylnaphthalene
1-ethylnaphthalene
2,6-dimethylnaphthalene
1,3-dimethylnaphthalene

2,3- & 1,4-dimethylnaphthalene
1,2-dimethylnaphthalene
1,8-dimethylnaphthalene
1,4,6,7-tetramethylnaphthalene

Retention Time Quantitation Ion
(min.) (amu)
21.70 188
14.90 104
15.22 128
16.49 142
16.70 142
17.52 141
17.58 141
17.63 156
17.81 156
18.03 141
18.21 141
18.43 156
20.35 184

JP-4

Figure 1. Total Ion Chromatogram of a typical JP-4 sample.
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When the quantitation scheme was extended to include some benzene derivatives, as were included in
quantitation Standard 3, more concrete results were obtained. Feature selection based on Fisher weights plus the
removal of highly correlated features yielded six features which could serve to train an ANN which could
successfully classify the training set of data from fresh fuels. The fresh fuels could be classified using a 3-layer
ANN trained by back-propagation and consisting of six inputs, six hidden nodes, and six outputs used for a total of
84 variables. A diagram of this can be seen in Figure 2. The The compounds used as input nodes and the jét fuel
classes used as output nodes are listed in Table 9. Table 9 also gives the retention times and quantitation jons used
for the six input node compounds. The input node data consisted of the compound concentrations in mg/mL in the
prepared fuel sample (Which in turn were 1/10 the concentrations in the original fuel sample due to the sample

dilution).

Table 9. Three-Layer Back-Propagation ANN

Inputs Retention Time (min.) Quantitation Ion (amu) Outputs
isopropylbenzene 11.46 105 Jp-4
1,2-diethylbenzene 13.45 119 JP-5
1,2,3,4-tetramethylbenzene 14.68 119 Jp-7
1,2,3,4-tetrahydronaphthalene 14.89 104 JP-8
1-ethylnaphthalene 17.58 141 JPTS
2,3- & 1,4-dimethylnaphthalene  18.02 141 JetA
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Figure 2. Generic ANN trained by Back-Propagation

The neural network classification process was broken down into two s
and JP-8 fuels together. The second step classified the two separate fue
architecture, the fuel samples were broken down into training sets and pr
subsets can be seen in Tables 10. and 11. The results of the predictions

predicting the fuel types with a greater than 90 percent accuracy. (see T
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Table 10. Step 1 Composition

Composition of Training and Prediction Subsets

Category No. in Training {No. in Prediction
JP4 18 2
JP-5 11 1
JP-7 7 1
JP-8 and Jet A 36 4
JPTS 9 1
AVGAS 11 1
TOTAL 92 10

Table 11. Step 2 Composition

Composition of Training and Prediction Subsets

Category No. in Training {No. in Prediction
JP-8 18 2
Jet A ' 18 2
TOTAL 36 4

Table 12. Subset Results

Training No. Correct |Prediction No. Correct

TSET/PSET Pair No.|Step 1 Step 2 Step 1 Step 2
outof 92 |outof 36 |out of 10 |out of 4

1 92 36 9 4
2 92 36 10 2
3 92 36 9 4
4 92 36 10 3

The 13 fuel samples set up for the weathering process were weathered for a period of two weeks. The
masses decreased, especiaily those of the JP-4 and one of the JP-8 fuels (which has many of the characteristics of a

JP-4 and may be misclassified). The fractional mass losses for the fuels can be seen in Figure 3.
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Fraction of mass loss

—— JPA#1
—@— JP4#2

- JP4#3
—— JP5#1
—m— JP8#1
—o— JPsi2
—+— JP8#3
—— JPTS#1
JPTS#2
—o— JPTS#3
; . PSR, 5 JetA#1
0 1 2 3 4 5 6 7 8 9 Jeth#2
—3— JetA#3

fraction lost

Figure 3. Fractional Mass Loss from fuels due to weathering.

The weathered fuel samples were run through the GC/MS to obtain the quantitation results. These results
were then fed into the FIP program to be used as a prediction set. The fuels were not classified with a high degree
of accuracy due to the volatility of the benzene and naphthalene compounds.

i Recommendation

The all naphthalene standard did not classify the fuel types correctly using a one step 3-Layer Back-
propagation neural network. However, it should be tested using a two step process as was done with the combined
naphthalene and benzene derivative standard.

The standard containing both naphthalene and benzene derivatives classified the un-weathered fuels with a
90-100 percent accuracy, but could not correctly classify the weathered fuel samples. Further studies should be
done to find compounds that can be identified using the GC/MS, are indicative of a certain fuel type, and can
withstand the weathering process.
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A STUDY OF THE VERTICAL SHIFTS IN
SCENE PERCEPTION MEMORY

Esther 1. Resendiz
W.H. Taft High School
Abstract
Two sets of scene photos, close-ups and wide angles, were analyzed for vertical shifts in the scene

perception memory of the people who drew them. The original photos were those used by Intraub and
Richardson (1989). In that study students examined each picture for 15 seconds and were told to redraw
the pictures exactly as they remembered them. For my research, I identified common points between the
originals and the drawings that the subjects had created. I then measured the vertical position of each
point with respect to the middle of each picture. I did this for both the close-ups and the wide angles. I
then compared each of the drawings to the originals. Ifound that, generally, the subjects contracted the
objects in the pictures they drew and also had a greater tendency to shift Lobjects in their scene perception

memory downwards rather than upwards.
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A STUDY OF THE VERTICAL SHIFTS IN

SCENE PERCEPTION MEMORY

Esther I. Resendiz
Introduction
Intraub and Richardson (1989) did research in which their subjects ( undergraduate students in a
psychology class ) redrew from memory pictures which they had previously viewed for 15 seconds each.
The results of Intraub and Ric;hardson’s study revealed that people tend to extend the boundaries of
remembered scenes (See Figure 1). Casual analysis of their subject’s drawings reveals a récurring
phenomenon in which the objects in the scenes have a tendency to be contracted, as if being viewed from a
further distance, and drawn lower in the visual field than was originally viewed by the subjects. This also
helps to support Previc’s (1990) theory about scene perception memory. His theory basically states that
most of the objects which are close to us occur in the lower visual field and objects which are far away
generally occur in the upper visual field. This might explain why most of the objects were contracted and
shifted vertically lower. According to Previc’s theory, perhaps this contraction and shift can be explained
by a subject’s memory pushing an image further away, thus, expanding the upper field extent, which
pushes the original image lower. The extent of vertical shifts that occurred in the subject’s drawings were
carefully examined. This is an important phenomenon that requires further research because we must
understand the discrepancies between what people see and what people think they saw. Since spatial
disorientation is partly a result of visual illusions, the phenomenon of vertical shifts in scene perception

memory is extremely relevant towards understanding spatial disorientation.

Methodology

Intraub and Richardson prepared two versions of 20 scenes, one in which the main objects were slightly
cropped (close-up) and one in which they were not (wide angle). Eighty-five subjects were presented with
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the same 20 scenes for 15 seconds each. Half of the scenes were shown in their cropped version and half
were shown in their slightly wider-angle uncropped version. Across subjects, scenes were presented in
each version equally often. The subjects were instructed to remember each picture in as much detail as
possible and to consider the background as important as the foreground. After 48 hours, subjects were
asked to draw up to six of the pictures. Each of the pictures was to be drawn within a 4” by 6” rectangle.
They were told to consider the edges of the rectangle to be the edges of the photograph and to draw the
pictures accordingly (Intraub & Richardson, 1989). The slides were developed into pictures and copied
for easier examinatioﬁ. The drawings which the subjects had produced were also copied for easier
examination. A total of 84 close-up pictures and 126 wide angle pictures were analyzed. Then, common
points in the original and in the subsequent drawings were noted and marked. A point was chosen if it
was clearly visible in the original and in the majority of the drawings. (See Appendix for specific points.)
The midpoints in the drawings and in the originals were marked as point “0.” The vertical position of the
'common points were then measured by drawing a horizontal line through the common point to both of the
vertical edges. Then, the lines drawn through the left vertical edge were measured in centimeters with
relation to the midpoint using a “+” sign for points above the midline and a “-” sign for points below the
midline. The numbers were then converted to percents to make the originals comparable to the drawings,
WhiCl:l were considerably smaller. The percents ranged from +01 through +100 and -01 through -100. A
total of 31 points from the original set of close up pictures were measured. A total of 54 points from the
original set of ‘wide angle pictures were measured. The points were entered into a computer for a

thorough analysis of the vertical shifts in the drawings.

Results

Analysis on the computer revealed a definite downward vertical shift in the majority of the drawings, both
close-ups and wide angles.

Close-Ups - Based on an average of all points in a figure, 67.9% ( 57 out of 84) of all drawings showed a
downward shift. There were 90 total upper visual field points and 47 total lower visual field points. One
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would expect for the upper visual field points to make a downward shift if a contraction of the image was
truly the only phenomenon occurring. As can be expected, 82.2% qf the upper visual field points shifted
downwards whereas only 17.8% of the points shifted upwards. A similar result should have been
expectéd of the lower visual field points. However, only 68.1% of the lower visual field points shifted
upwards. Contrary to the results that would have been expected in the contraction theory, 31.9%

of the lower visual field points shifted even lower ( See Figure 2). Based on these results, one can be able
to see that there might be more than just the contraction of images taking place. An overall downward
shift is strongly implicated. The average original point of the upper visual points was +23.8%, whereas
the average original point of the lower visual field points was -46.6%. With these statistics, one would
expect for the lower visual field points to experience the greatest shifts since they originated so far away
from the midline. This was not the case. The lower visual field points I;Ad a shift of only +12.8% and the
upper visual field points had a shift of -28.9%. That is approximately a 1:2 ratio, meaning that, on
average, for every one centimeter that a lower field point was moved up an upper field point was moved
down roughly two centimeters.

Wide Angles - Based on an average of all points in a figure, 63.5% ( 80 out of 126) of all drawings
showed a downward shift. There were 192 total upper visual field points and 143 total lower visual field
points. As can be expected with a contraction, 85.0% of the upper visual field points shifted down and
only 15.0% of the same points shifted up. However, only 68.5% of the lower visual field points shifted up
and 31.5% of the same points shifted down ( See Figure 3). This is indicative of an additional
phenomenon of vertical shift beyond the image contraction. Also, the average original position of the
upper visual field points was +24.6% and the average original position of the lower visual field points was
-31.3%. One would expect that the shift in the lower visual points would be greater since their position
was further away from the midline. However, the lower visual field points had a shift of only +19.6%
whereas the upper visual fiela had a shift of -31.2%. That is approximately a 1:1.5 ratio, meaning that,
on average, for every one centimeter that a lower field point was moved up, an upper field poini was

moved down 1.5 centimeters.
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Discussion

Based on an average of all the points in a figure, 65.2 % ( 137 out of 210) of the drawings showed an
overall downward shift. When it came to measuring just how much of a,shift was made, the close-up
drawings revealed a 2:1 ratio of upper point downward shifts to lower point upward shifts while there was
only around a 1.5:1 ratio of upper point downward shifts to lower point upward shifts in the wide angles.
In almost all of the pictures, in addition to a vertical shift, there was also a contraction of the image.
What causes the imag